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EDITORIAL 


NEW HOMES 


ECOMMENDATIONS on the future design of houses 

of the class commonly built by local authorities are 
contained in a report, issued last. week, of the Design of 
Dwellings Sub-Committee of the Central Housing Advisory 
Committee (Design of Dwellings, Stationery Office, 1s.). It is a 
comprehensive document, as will be gathered if we mention that 
it includes discussion on the provision of accommodation for 
sub-standard tenants and for the retention of bodies pending 
burial, and the control of lodgers. It is concerned not with 
temporary but with permanent housing, and it is contemplated 
that local authorities may well be called upon to build up to 
2,000,000 houses during the first decade after the war. Obviously 
the report and its implications, though it seems to us that many 
of the recommendations suffer from vagueness, are of interest 
to the Gas Industry and should be studied. The extension of 
gas service, as is stated early in the report, has wrought changes 
in our domestic habits between the wars, and its further exten- 
sion after the war is inevitable and should be taken into full 
account in housing design. The last quarter of a century has 
witnessed a growing desire for and appreciation of*good domestic 
arrangements and labour-saving fittings. After the war the 
demand will be still more insistent—a fact which, of course, 
has found expression in the planning of the Government’s 
temporary type of house to which we have previously referred 
in these columns and in which gas service plays a major part. 
The Design of Dwellings Sub-Committee dealing with per- 
manent housing recognized the important function of this 
service and in the preparation of its report sought information 
from, among other organizations, the British Gas Federation, 
‘isthe Gas Light and Coke Company, and the Women’s Gas 


| We have spoken of what we consider vagueness about some 
of the recommendations, and we will indicate shortly, by a few 
references to the report, why we have gained this impression. 
"For example, “the existing types of cooker, whether for coal, 
gas, or electricity, are all capable of improvement, particularly 
‘from the point of view of conserving heat and reducing con- 
sumption of fuel.*® What precisely does this imply in relation 
to, say, a 1939 gas cooker? We may be accused of bias, but 
technically it is difficult to follow what the Committee has in 
mind regarding the fuel wastage of an appliance of the kind. 
> Does the Committee envisage a 25% or a 50 % increase in thermal 
efficiency of the gas cookef? Our quotation would seem to 
indicate that the Committee’s opinion of the thermal efficiency 
) of the modern gas cooker is not very high. Why? The question 
is pertinent, and we put it not from any pin-pricking exercise 
or blindfold sectional-bias angle, but because we are deeply 
interested in the cause which leads to the effect—the reasoning 
behind the statement. Research to improve the efficiency is 
called for urgently, says the Committee. What, we would ask, 
does it expect in this direction by research? What led to the 
>) Committee’s conclusion that the modern gas cooker is a fuel 
waster? And, turning to another aspect of domestic amenity, 
what exactly has the Committee in mind in saying “there is 
) need for a heating appliance which will heat several rooms from 
"} one source?’ It is difficult to discern the aid which an airy 
j generalization of the kind gives. Then the report considers 
the idea of a ring circuit for combined electric lighting and 
) power—a circuit which “would supply ample socket outlets 
for lighting, heating, wireless sets, and labour-saving appliances, 
but an additional power circuit is necessary for a cooker and 
water heater.” Immediately following is the somewhat in- 
genuous comment that “‘cooking and heating can, of course, 
equally well be done by gas.’’ Whither does all this lead? 


NOTES 


Other proposals regarding equipment are more positive though 
they do not qualify for the status of originality. For example, 
‘Where public services are connected to the dwelling there should 
be sufficient points to enable the tenant to make full use of 
labour-saving appliances. Appliances should be selected for 
maximum efficiency and minimum consumption of fuel. We 
suggest that all appliances consuming fuel or power should be 
fully tested to standards of performance to be established. 

Electric and gas heaters are the simplest appliances 
to run where electricity or gas is available, electric 
or gas cookers should be provided in all municipal houses, 
unless it is clear that there is a local preference for cooking with 
solid fuel.’’ In the latter case, it is urged, a solid fuel cooker 
of the modern insulated type should be provided. What, we 
would ask, is the basis of local preference? Is local preference 
a fixed quantity? Does such preference go by area to be 
compass-wise conscribed, or should one ask one’s M.P. about 
it? Or is to-day’s preference to-morrow’s abhorrence? 


We are asking many questions on what is undoubtedly a 
sincere report, and our questions naturally are on one angle only 
of it, our light-angle being purposely narrowed and directiona- 
lized. But we do find ourselves somewhat at a loss in endeavour- 
ing to find the full import of the section of the report on equip- 
ment and fittings, though it seems common-sense enough to 
advance the argument that “‘if tenants are to get the full advan- 
tage of the modern items of equipment which we recommend, 
it is essential that they should know how to use them.’”” We 
are reminded of stories long ago about miners’ baths and the 
uses to which they were put, and about gas ovens used as boot 
cupboards; and of stories not so long ago of young brides who 
thought they could learn the entire art of cooking merely by 
knob-turning. 

But Design of Dwellings is an important document, and if it 
seems to us to stress the obvious, we take it that it is needful that 
the obvious should be stressed, and we would therefore record 
the Committee’s finding that there is a strong case on the evidence 
submitted for better heating arrangements, better cooking 
facilities, and better kitchen fittings (vide p. 28 of the report). 
In other words there is a wide field for improvement, and it is 
incumbent on us to go on and on and up and up. 


Far be it‘from us to verge on the facetious about the new 
Dudley report on the all-important subject of housing, coupled 
with a square deal for the harassed housewife. We have in 
all seriousness a long way to go before we can be satisfied, and, 
as we have said, the report should be studied by the Gas Industry. 
The service which gas can give is influenced by house design 
and by forethought and co-operation in its general planning. 
Gas can also influence house design and can help to make a 
house a home. There is a sharp distinction between house 
and home, and we are particularly interested in the stress laid 
in the report on the “home” as well as the house or “‘woman’s 
laboratory” aspect. To dilate on this is neither our function 
nor our purpose, but we would like to exemplify from the report 
how gas can influence the home. It is a story of the gas cooker 
in the role of the Pied Piper. The report remarks that when the 
original type of council house was evolved, cooking on a coal 
range was almost universal. The range was fitted in the living 
room and meals were cooked and eaten there. Along came the 
gas cooker, which usually was placed in the scullery. Most 
of the cooking is now by gas, and (we quote from the report) 
“the natural tendency has been for all the kitchen equipment, 
including the dresser, to follow the stove into the scullery.” 
Hence a scullery of the type is now “‘quite inadequate.” Gas 
installation and home design are not subjects fit for divorce. 
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SELLING HEATING COMFORT 


E are very interested in the idea—or rather ideas—behind 

the ‘“‘degree-day” and are glad to find that we are not 

alone in this. Following our comments in these columns 
a few months ago we have had several communications from 
gas undertakings on the subject, and we hope that before long 
we shall be in a position to give more concrete information 
concerning what certain gas undertakings are actually doing in 
the matter. Sheffield is an example of an undertaking taking 
an active interest in the ‘“‘degree-day” as a means of selling 
heating comfort with greater precision and to better advantage; 
and we much enjoyed the Paper by Mr. W. T. Hird which we 
published in our issue last week. At present no organization 
exists in this country for the collection nationally of the relevant 
statistics. We think there is a need for some such organization, 
which could be quite simple; certainly intelligent interpretation 
of the statistics gathered together would help the Gas Industry 
in many ways in affording a good and stable heating service, 
both in the provision of gas-making plant and in the layout of 
installation. The conception of the ‘“‘degree-day”’ may primarily 
be theoretical, but its implications are thoroughly practical. 

The Gas Industry would seem to be well fitted to take a leading 
part in a degree-day scheme. It has several hundred potential 
recording stations which do in fact already take daily temperature 
readings, and it should not find it difficult to correlate and issue 
on a national basis the data obtained. Individual undertakings 
in any case have a need for degree-day figures for their own 
areas of supply, and it would be one step only to the national 
basis. Sheffield has for some time been busy on the project 
in its own area of supply, and if, as seems probable, present 
developments result in short and long range temperature fore- 
casting with some degree of accuracy, the degree day will provide 
the gas engineer with a very useful method of assessing heating 
load requirements. Already the figures gathered together 
provide quite a reliable measure of average heating requirements 
for estimation purposes and enable one to relate actual con- 
sumption to actual temperature conditions. 

Mr. Hird’s contention is that there is a great future in this 
country for time and temperature controlled heating either as 
background heating or as a full source of heat. The Paper dealt 
with one method only—the low pressure hot-water circulating 
system. There are other and newer methods of general space 
heating, and to these the same considerations of control apply. 
Other fuels can provide controlled heating, but no one fuel can 
do so at the same level of accuracy, simplicity, capital, and 
running cost as gas. But there must be no hint of the haphazard 
in the planning of the installation. Controls are available which 
will operate with an accuracy of + 1°F. and less, and to make 
the best use of these, systems must be planned with care. If one 
thermostat is to control temperature in a number of rooms, the 
heating surface in each room must be carefully balanced against 
that in the room containing the thermostat if even heating is 
to be attained. Load factor (of utilization) must be carefully 
considered. There are, said the Author, basing his comments 
on experience, innumerable good load factors for gas-fired low 
pressure hot-water plants and a few bad ones. The bad ones 
must be weeded out and treated by the use of the most suitable 
equipment, and the fitting of gas-fired boilers to unsatisfactory 
circulating systems should be avoided like the plague? A con- 
siderable portion of the Paper was devoted to the estimation 
of running cost. The Author’s experience has been that this is 
the most important single factor in the marketing of general 
space heating. and the close connexion between temperature 
conditions and cost which is possible with gas-fired plant is the 
justification for the taking of a live interest in the degree day. 


Coke Research Council 


The British Coke Research Council has been formed to co-ordinate 
research in the coking industry. It will, we understand, watch the 
interests of the coke oven industry as a whole. The Council has been 
registered as a company. limited by guarantee without share capital, 
with an unlimited number of members. The word “‘limited”’ is omitted 
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from the title by license of the Board of Trade. Its objects are “tg 
promote research in connexion with the utilization and production 
of coke, and also in connexion with coking plants, equipment, anj 
appliances, and with the distillation of coal in coke ovens and 4lj 
by-products arising therefrom, except any falling within the sc ope of 
the National Benzole Association or similar association.” 


Personal 


Following the retirement of Mr. H. WILKINSON from the position 
of Engineer and General Manager of the Slough Gas & Coke Company, 
the Directors of the South-Eastern Gas Corporation, Ltd., have, a 
already announced in the “JouRNAL,” appointed Mr. J. H. Dype to 
hold this office in addition to his present appointment at Uxbridge, 
Mr. Dyde has his office at the Slough Works, and letters to him should 
be addressed there. 

Mr. W. W. CuisHOLM, Manager of the High Wycombe Works, has 
been appointed Works Manager at Slough, and Mr. J. R. Owsy, 
Assistant Engineer at Slough, becomes Works Manager at High 
Wycombe. 

ok * * 


Mr. J. E. STANIER, Chief Engineer and General Manager of the City 


of Stoke-on-Trent Gas Department, has been appointed President of § 


the Stoke-on-Trent Association of Engineers. 


Obituary 


The death occurred suddenly on July 17 of Mr. W. T. CHARLWoop 
at the age of 57. Mr. Charlwood was District Manager to the 
Eastbourne Gas Company for 15 years and was well known to, and 


highly respected by, many colleagues in the Industry, especially in} 


the South-East area. He received his early training at Mitcham and 
with the Wandsworth Gas Company. 


* * * 


Mr. JAMES P. PRATT, who represented Richmonds Gas Stove 
Company, Ltd., Warrington, and George Glover & Co., Ltd., Chelsea, 
for many years, died in London after a short illness on July 15, at the 
age of 70. Mr. Pratt began his service with Richmonds in 1899 and 
retired from full activity after 40 years just before the outbreak of war. 
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He had served in various capacities in the sales organizations of the 4 
associated companies and remained in contact with the busines § 
until within a few months of his death. He was well known in the 


Midlands and South of England. 
* * * 


The death has occurred of Mr. H. W. Murpuy, who for the past 
12 years was Midland Representative of Cannon Iron Foundries, Ltd, 
He will be missed by a very wide circle of friends. ‘ 


* * * 


The death occurred in Bombay on July 6 of Mrs. Esther Boulter, 
wife of Mr. L. W. Boulter, Deputy Manager arné Engineer No. 1 of 
the Bombay Gas Company, Ltd. 


S.B.G.I. 


Mr. H. F. Potter has been elected to the Chair of Section 6, the! 


Gas Stove Section, of the S.B.G.I., in the place of the late Major 
A. L. S. Wood. 


Services Committee, and committees of the British Standards Insti- 
tution. 


A Junior Brains Trust 


The Midland Junior Gas Association held a further successful } 


Brains Trust on June 15. Mr. K. L. Pearce, Bilston, the Senior Vice- 
President, was the question-master, and the members of the Trust 
were Messrs. F. L. Atkin (Birmingham Industrial Research Labora- 
tories), E. Haden and C. L. Evans (Chemists, Birmingham Labora- 
tories), W. J. Parsons (Chairman of the Midland Gas Salesmen’s Circle), 


F. A. C. Pykett (Mains Engineer, Coventry), J. A. Tomes (Deputy ~ 
Engineer, Stourbridge), H. J. Reynolds (Wolverhampton), W. N.B 
Smirles (Birmingham Central Laboratories), D. J. Ward (Birmingham), | 


and F. J. Bengough, the President of the Association. : 
In reply to a question suggesting that more should be heard of the 


In this capacity Mr. Potter serves upon various § 
committees including the British Gas Federation Domestic Heat 
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gas unit comparable to the electric unit, it was said consumers were 


mostly interested in what an appliance would cost to run rather than 
any technical method of calculation. 

A suggestion in a question that coke is the curse of the Gas Industry 
was met with an emphatic negative. 


the future the Industry might have to stabilize the coke position. 


During the past 12 months, ith 
was said, coke had been a godsend to many undertakings, and inf 
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National Gas Council 


A Meeting of the Central Executive Board of the National Gas 
Council was held on July 11 at Gas Industry House. Pending the 
election of a Chairman, Mr. A. W. Smith was voted to the Chair. 

A list of members appointed to the Board had been circulated. It 
was stated that Mr. R. J. Restall, of Stalybridge, had been appointed 
to represent the Manchester District on the Board in place of Mr. E. 
Parry (retired). Mr. Restall had also been appointed Honorary 
Secretary of the Manchester District Executive Board in place of Mr. 
A. Henshall (retired). 

It was agreed that a letter be sent to Mr. Henshall, the retiring 
District Secretary, thanking him on behalf of the Board for the valuable 
work which he had done for the Gas Industry. 

On the unanimous wish of the Board, Mr. Frank Jones consented 
to continue to occupy the position of Vice-Chairman, and to preside 
at meetings of the Board. 

Major G. H. Kitson was also appointed a Vice-Chairman. 

Committee of Enquiry into the Gas Industry—A small Committee 
was appointed to prepare the evidence to be submitted on behalf of 
the National Gas Council to the Departmental Committee. 

A report on the general coal position was received. 

A report was received from Mr. A. E. Sylvester, Chairman of the 
Gas Advisory Committee to the Ministry of Fuel and Power, on the 
meeting held on June 12, when the matters discussed included the 


© supply of gas cookers, the Gas (Maximum and Standard Prices) Order 


and General Direction, and the development of gas undertakings 
pending the report of the Government Committee. 

It was stated that a memorandum with regard to the various steps 
leading to the submission of the Draft Constitution of the British Tar 
Confederation had been circulated. The Board approved the con- 
stitution, and granted authority for the completion of a form of 
membership, and agreed to invite the Association of Co-operative 
Tar Groups to appoint five representatives to serve on the Executive 


vn to, anil Board, as provided by the Constitution. 


The Board received with satisfaction the information that Col. W. 
Moncrieff Carr and Col. H. C. Smith had been invited by the Director 
of the National Benzole Company, Ltd., to a seat on their Board. 

The Board agreed that the Town and Country Planning Bill, which 
was having its Second Reading in the House that day, should be 
considered by the Conjoint Conference of Public Utility Associations. 

It was agreed that if any meeting of the Board became necessary 
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Production of Portal Houses 


By giving a second reading on July 19 to the Bills under which an 


| Exchequer subsidy is to be paid to local authorities in England and 


Wales and Scotland in respect of permanent houses built in the two 
years immediately after the end of the war in Europe, the House of 
Commons completed the first stage of a considerable programme of 


' housing legislation. 


_ Government’s policy for the provision of temporary houses. 
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.,_. expenditure on prefabricated houses comes to be debated the House 
successful F 


Before the debate on July 19 Mr. Willink formally presented the 
Housing (Temporary Accommodation) Bill, which will authorize 
the Government to spend money on the manufacture of temporary, 
prefabricated houses, and will prescribe the arrangements under which 
these are to be made available to local authorities. There will be a 
third Bill, to authorize the payment of a subsidy to aid the building 
of permanent houses by private enterprise in the two years after the 
war, 

Some further information was given by Mr. Attlee about er 
He sai 
that the Government had approved the model of an emergency, 
factory-mode house prepared by the Minister of Works and Planning 
for large-scale production as soon as the necessary industrial capacity 
could be released from the war effort. This evidently means that the 
prototype of the Portal house, as modified in design after insepction 
and criticism by local authorities and the public, is to be adopted as 
When the Bill to authorize 


will wish to know whether it would not be possible to give the public 
some freedom of choice by producing other types. 

It has been stated previously that these temporary houses will be 
publicly owned and licensed to tenants for a period. Mr. Attlee said 
on Wednesday last that they are to be bought by the Government and 


' made available to local authorities to supplement their ordinary 
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/) housing programmes. The Health Ministers are at present discussing 


, ‘| with local authorities the preliminary arrangements to be made in this 
ningham), | 


matter; and also the arrangements under which local authorities will 
administer the private enterprise subsidy. 


Diary 
July 28.—B.G.F. Domestic Heat Services Committee, Gas Industry 
House, 2.30 p.m. 
Sept. 8—North British Association of Gas Managers: Annual 
Meeting, Edinburgh. 
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Scientifically Speaking 


Speaking of Government research in Canada Mr. W. P. Cohoe, 
President of the Society of Chemical Industry, remarked that it is 
being confined to problems in developmént of natural resources of 
such broad character as to dismay even large corporations. The 
area of the cross section benefited is often used as the measure. No 
hard and fast rules are possible because research is exploitation of 
unknown territory. Often important researches are not carried 
through the development stage, and it may not be a proper function 
of Government to convert research into development, although it will 
generally be conceded as proper to carry research through the pilot 
plant stage, so that the importance, practicability, and future profits 
shall be made apparent. In this way, Government appropriations 
become “‘venture capital.” 

Much, continued Mr. Cohoe, is expected of a government scientist. 
On the science side he must be sure of himself and his work when he 
discusses problems with scientists employed by private interests. He 
cannot make mistakes, and his statements are expected to be authori- 
tative. He is continually under fire. In such discussions it is usually 
possible for him to use scientific language, which language is nothing 
more than a time-saving scientific shorthand. When, however, he 
speaks to laymen he is obliged to translate “‘scienteese” into terms 
which will be not only understood, but will also carry authority. To 
do this requires the highest ability and, in industry, it is the most 
highly paid. In Government service, moreover, where so much 
advancement depends on seniority, it would appear that seniors might 
very well educate those who will become seniors eventually in the art 
of clear expression in the language of the laity. 


Institute of Fuel 


The Institute of Fuel unanimously decided to ask Dr. E. W. 
Smith, C.B.E., the present President, to continue in office for a further 
period of twelve months—that is, until October, 1945—to which he 
he has consented. 

The Melchett Medal for 1944 has been awarded to Dr. J. G. King, 
O.B.E., Director of the Gas Research Board, in recognition of the 
outstanding work he has done in recent years during his long connexion 
with the Fuel Research Station at Greenwich. 

Mr. H. L. Pirie, who has been one of the Honorary Secretaries of 
the Institute of Fuel since its inception, has been made an Honorary 
Member. Mr. Pirie was the Founder of the Institution of Fuel 
Economy Engineers in 1925, which Institution was merged with 
another body to form the Institute of Fuel in July, 1927. 


Indications that oil shale deposits exist in Ross-shire have been 
followed up by the Scottish Council on Industry. A _ geological 
survey has been set on foot and an oil company contacted as to the 
possibilities of development. 

Negotiations are in progress for opening a new coalfield in the 
West of Scotland district of Machrihanish, on the shores of the Atlantic, 
where boring has disclosed large deposits—some estimates are as 
ap as 70 million tons—extending inland and for some distance under 
the sea. 

During May 21 cases were notified of epitheliomatous ulceration 
(skin cancer), of which 11 were due to pitch, 8 to tar, and 2 to oil, one 
of the last mentioned being fatal. 

The Pentagon Building, America’s War Office, which lies on the 
Virginian side of the river Potomac at Washington, was completed in 
1943 after 18 months’ work. The building covers 140 acres with a 
cubic footage of 86,000,000. In its myriad rooms and 16 odd miles of 
corridors, the atmosphere is “‘controlled” for 40,000 men and women 
by a vast combined ventilating, heating, and air-conditioning apparatus. 

The British Standards Institution has published a revision of British 
Standards 735 : 1937 (Sampling and Analysis of Coal and Coke for 
Performance and Efficiency Tests on Industrial Plant). In the 
revision, the method of determining the volatile matter has been 
modified in the light of experience. A further important change is 
the alteration in the design of the rotary sample divider. Copies of 
the revised Specification are obtainable from the B.S.I., Publications 
Department, 28, Victoria Street, London, S.W. 1. Price 5s. post free. 

The Visco Engineering Co., Ltd., has issued an informative 24-page 
booklet on Modern Dust Collection. It deals with the necessity for 
controlling dust in all the principal industries, and cites coal-handling 
plant. as a typical case for effective dust removal in the interests of 
health and safety. One plant illustrated collects about 25 cwt. of 
dust per 16-hour day from six tipplers and two belt conveyor discharges 
only. The illustration shows how a large totally-enclosed suction 
type collector can be arranged within limits of available space. 

The Yorktown (Camberley) and District Gas and Electricity Com- 
pany has declared the following dividends in respect of the half-year 
to June 30 last, payable on Aug. 1: 5% Standard Consolidated Pre- 
ference Stock at the rate of 5% per annum ; 4% Redeemable Preference 
Stock at the rate of 4% per annum; 5% Standard Consolidated 
begga & 1 at the rate of 54% per annum; all less income tax at 
10s. in the £. 
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HE trend towards boilers with a restricted water way and high 

steaming capacity demands a higher standard of boiler water 

treatment than has been general in the past. The moment is 
opportune to review development in water treatment both with a view to 
post-war reconstruction and because in the past ten years several new 
developments and processes have come to the forefront. 

The first need in the treatment of water supplies for the purposes 
of boiler feed is the removal of all calcium and magnesium salts 
present either as bicarbonate (temporary hardness) or as chlorides, 
nitrates or sulphates (permanent hardness), which if left in the water 
would precipitate either as sludge or scale in the boiler. The removal 
of a sodium bicarbonate, when present, is also desirable; and the 
de-aeration of the water to remove oxygen and carbon dioxide is 
regarded as a necessary safeguard against corrosion of boiler surfaces 
and of steam using and condensing plant. 

A standard may then be set up for boiler feed water. For boiler 
pressures normally encountered on gas-works—up to about 350 Ib. 
per sq. in.—it is sufficient to specify that the water shall be 
free from sludge and suspended matter, that it shall be of commercial 
zero. hardness; of low controlled alkalinity (less than 7.0 p./100,000) ; 
and of as low total content of solids as possible under 50 and if possible 
as low as 20 p./100,000 T.D.S. 

The need for freedom from sludge is stressed because many plants, 
excellent in other respects, do nevertheless permit one or two grains 
of suspended matter to pass forward to the boilers which accumulate 
on evaporating surfaces and limit heat transfer as effectively as sludge 
and scale carried into the boilers as residual hardness. The closely 
packed tube banks of waste heat boilers are favourite lodging places 
and, in extreme cases, burnt out tubes may result. 

The need for complete removal of hardness is now recognized, 
and there are few adherents to the school who resorted to the deposition 
of scale on boiler surfaces from partially softened water as a safeguard 
against corrosion. In modern boilers, properly maintained, boiler 
surfaces are completely free from rust and corrosion, and when 
inspected they are never covered with more than a slight dust of 
material left behind by the water when it is drained off. As the con- 
ditions do not obtain universally in the Gas Industry it may be men- 
tioned that if scale forming bodies are present in the water they should 
be there in the presence of excess sodium carbonate or phosphate, so 
that they come down as carbonate. Hardness present under conditions 
which cause it to be precipitated as sulphate comes down as a hard 
adherent scale on the boiler surfaces; the carbonate scale is much 
softer. The reason usually given for this is that sulphate gets less 
soluble with increase of temperature and is therefore least soluble 
at the hot boiler surfaces; but as calcium carbonate has a similar 
negative coefficient of solubility this cannot be the whole reason. 
There is a practical aspect of this matter in the use of boiler compounds 
and internal conditioning which all aim at bringing down the hardness 
as soft, non-adherent scale. 

The matter of control of total dissolved solids in the boiler is one 
which is frequently overlooked. Some methods of treatment reduce 
this figure considerably as a point in their favour—notably all treat- 
ments involving lime precipitation. Correspondingly, any process 
which raises the solids is to be regarded with disfavour. High dis- 
solved solids in the boiler aggravate corrosion and priming, and if a 
figure of 500 p./100,000 is regarded as a maximum it is obvious that, 
with due regard to economy of blow down at not more than 10%, the 
boiler feed should contain under 50 p. T.D.S. An obvious aid in this 
matter, and one which is undervalued, is careful collection of water 
from all steam traps and condensers and the installation of condensing 
plant wherever possible. On small works the problem of return 
piping of this condensate is easier than on large, as the runs required 
will be shorter. Normally the water will be soft and aerated, and 
therefore corrosive; earthenware pipes will then be required for 
conveying it. At least 50x of the water fed to boilers should be 
condensate. 


Choice of Treatment 


It can at once be said that the foregoing specification for a boiler 
feed water is not an easy one to attain in practice. It is naturally 
exclusive of all internal methods of softening either by the addition 
of boiler compounds or by the application of electrical potentials to 
the water. Cold lime soda process fails to produce a completely 
softened water. Hot lime soda is a considerable improvement, though 
still short of perfection. Blow down return softening offends against 
the canons of high solids and high alkalinity. Base exchange treat- 
ment produces a completely softened water but, as it converts tem- 
porary hardness into sodium bicarbonate and does nothing to reduce 
the dissolved solids, it is unacceptable for the majority of water supplies. 
But if, prior to base exchange treatment, temporary hardness is removed 
by lime pretreatment and the base exchange function is confined to 
the removal of permanent hardness a water satisfactory within the 
suggested specification is obtained, and this combination is, in general, 








* A Paper to the London and Southern District Junior Gas Association. 


GAS JOURNAL 


Boiler Water Treatment* 
By R. P. DONNELLY, B.A., B.Sc., A.M.I.Chem.E. 




































































July 26, 1944 July 




















Blow | 
While 
ment ar 
be cons: 
of soda 
the one to be recommended for boilers of the normal pressure) was kep 
encountered on gas and related chemical works. re tion of : 
Quite apart from these possibilities there are the variations on treat. FF trated a 
ment which are based on hydrion and anion exchange, using the new fF passing 
organolite bodies. These will be discussed atJa later point. (5) 
stic 
Cold Lime Soda Softening ? yo 
Lime soda softening is based on the classical softening equation § 100 p./! 
given below. The process is of long standing and dates from Clark;§ Ifa si 
application at Aberdeen in 1842: » the soft 
In the re 
For Removal of Temporary Hardness. —s 
(1) Ca(HCO,), + Ca(OH), = 2CaCO,; + 2H,O quantity 
(2) Mg(HCO;), + 2Ca(OH), = Mg(OH). + 2CaCO; + 2H,0 total di: 
For Removal of Calcium Permanent Hardness. “ 
(3) CaCl, + Na,CO; = CaCO, + 2NaCl. i (8) 
(9) 
For Removal of Magnesium Permanent Hardness. ; It is s 
(4) MgCl, + Ca(OH), = Mg(OH), + CaCl,. (8) and | 
(4a) CaCl, + Na,CO, = CaCO, + 2NaCl. of the 1 
from th 
RAW WATER CHEMICALS SECONDARY REACTION ZONE bicarbo! 
» a conce 
D of blow 
> gallons 
will be 
and, wi 
> hardnes 
= » and of | 
(3) SPAULDING COLD LIME » of blow 
COLO LIME SODA PLANT. SQOA PLANT. § with id 
(1) CONVENTIONAL COLD - without 
LIME SODA PLANT. ang som } the syst 
| TABLE 
i Ga 
Magnesiv 
' Tempora: 
4 *Blow D 
Mag 
Tem 
(4)*PERMUTIT “SPIRACTOR® (6) PERMUTIT PRESSURE TYPE A 
PLANT (5) CONVENTIONAL HOT HOT LIME SODA PLANT § 
ME SODA PLANT ¢. © Actual bl 
54 BRINE 
Temperat 
* Calc 
is 50 p./ 
» checked | 
§ temperati 
Table 
MP bs, © showin; 
7) ACES (a) vacinne ceatraron —~ °9) SASE EXCHANGE ) require: 
that rec 
It should be noted that calcium salts are precipitated as the relatively west 
insoluble calcium carbonate and that magnesium is precipitated af} ;, whi 
the hydroxide. As a consequence lime is required in quantity equi- water 
valent to the whole of the magnesium hardness both temporary ani) ;., appa 
permanent, as is seen from equations (2) and (4). Thus the line if (1) B 
equvalent to the Temporarty -- Magnesium Hardness—i.e., (T + M). with at 
Soda ash is required equivalent to the whole of the permanen\f ;, effec 
hardness from equations (3) and (4a)—i.e., P. (2) A 
Where the water analysis is expressed in parts per 100,000 the (3) T 
quanttiy of reagents required per 1,000 gallons is: B carbon 
Hydrated lime (90% pure) = (TM) x 0.74 x 0.5 vali x99 i 
ere Devel 
Soda ash (pure) = io b Nog 
from s¢ 
(where the analyses are expressed in grains per gallon the denominato' > Sent t 
is 7 instead of 10). ’ basics 
The effluent hardness from a cold lime soda plant may range from cies : 
1.5 up to 10 parts per 100,000 according to the excess of reagenif} het: 
carried, the type of water softened and the precise temperature 0! “ ch ) 
softening. The behaviour of this residual hardness may ‘be to som a ab , 
extent controlled by the addition of phosphate and tannin condition  saleeny 


ing agents. 


al pressures 
Ms On treat. 


ing the new 
nt. 


gZ equations 


rom Clark’ © 


VICALS 
aces 
ETTLED 
WATER - 


SURE TYPE 
| PLANT 


RINE 


INE CTOR 


bRINT 


MANGE 


he relatively 
cipitated a 
antity equi 
porary and 
; the line is 
9 (T + M). 


permanen|§ 


100,000 the 


9 


enominato 


range from 
of reagen! 
perature 0! 
be to som 
1 condition 


> of blow down return required is 50 


gallons of raw well water. 


~ hardness by heat alone. 
» and of heat from the boiler—this time in the form of live steam instead 
\ of blow down return—can be incorporated in lime soda softening 
' with identical benefit of decomposition of temporary hardness and 
' without circulating 20% or more of the feed water round and round 
» the system. 


» Magnesium hardness 
' Temporary hardness 


» Actual blow down return 


» checked by chloride balance. 
» temperature. 
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Blow Down Return Process (') 


While considering the stoichiometric relationships in water treat- 
ment an alternative to the lime soda system which had a vogue may 
be considered. The blow down return system relied on the addition 
of soda ash alone as a softening agent in such quantities that a surplus 
was kept in circulation in the feed water to the extent of a concentra- 
tion of about 15 p./100,000. In the boiler this soda ash was concen- 
trated and hydrolized into caustic soda and carbon dioxide, the latter 
passing away with the steam: 


(5) Na,CO, + H,O = NaOH + CO,. 


Caustic soda was thus available in the boiler water as a concentration 
of about 50 p./100,000 of an alkali content of the boiler totalling 
100 p./100,000 and 50% hydrolysis could be assumed. 

If a suitable percentage of the boiler water is then blown back into 
the softening tank this caustic soda becomes available for softening. 


' In the removal of temporary hardness it is converted back into sodium 


carbonate and thence becomes once more available for rehydrolysis 
in the boiler to caustic soda and reuse in the softener, part from that 
quantity which is lost in blowing off water to waste to control the 
total dissolved solids. 


(6) Ca(HCO,). + 2Na(OH) = 
(7) Mg(HCOs). + 4Na(OH), = 
(8) CaCl, + Na,CO, = CaCO, + 2NaCl. 

(9) McCl, + 2NaOH = Mg(OH), + 2NaCl. 


It is seen that the consumption of soda ash according to equations 
(8) and (9) for the removal of permanent hardness is identical with that 
of the lime soda treatment. In replacing the lime with caustic soda 
from the boiler the amount required is still equivalent to the total 
bicarbonate plus magnesium hardness—TM. On the assumption of 


CaCO, + Na,CO, + 2H,0O. 
Mg(OH), + 2Na,CO,; + 2H,0. 


"a concentration of 50 parts of caustic soda in the boiler the amount 


1,000 (T + M) gations per 1,000 


In practice the actual volume required 
will be short of this figure as the blow down return heats the water 
and, with the help of exhaust steam, can decompose some temporary 
But, of course, similar use of exhaust steam 


: TABLE I.—BLow Down RETURN FIGURES IN GALLONS PER 1,000 


GALLONS OF UNTREATED WATER (HARDNESS IN P./100,000). 


Plant. A. B. c. 
12.0 F 6.5 


27.0 27.5 10.0 


g *Blow Down Return for— 


Magnesium hardness’. ; 3 240 240 ; 125 
Temporary hardness i ; ‘ 540 a 550 ‘ 250 


780 790 375 


250-500 
170°F. 


200 


4 300 
Temperature in softening tank 196°F. 212°F. 


| * Calculated on the supposition that the condentration of caustic soda in the boiler 


is 50 p./100,000. Actual blow down figures measured with a calibrated tank and 
In every case exhaust steam was used to get recorded 


- 


Table I gives working figures for the blow down return process, 


: showing that the actual blow down is somewhere between that actually 
required for removal of both magnesium and temporary hardness and 


that required for removal of magnesium alone. It follows from these 
results that waters high in magnesium hardness will require increasing 
quantities of blow down return until a state of affairs could be reached 
in which the whole of the feed water was recirculated to soften the 
water. This would be at 50 p./100,000. From a practical point it 


is apparent that: 


(1) Blow down return utilizes excessive amounts of blow down 


) with attendant heat loss and increase of boiler water pumping load 


to effect the necessary circulation of blow down return. 
(2) An excessive alkalinity is carried in the boiler. 
(3) The total dissolved solids are increased by the excess of sodium 


» carbonate carried. 


| Developments of Lime-Soda Softening 


No precipitation method can remove either calcium or magnesium 


from solution since their carbonates and hydroxides respectively have 
| Slight but measurably solubilities. Further, in cold softening, either 


cause of the presence of the bicarbonate ion or because complex or 
basic carbonates are formed in solution, the residual hardness in 
softened waters is always greater than the theoretical figure. At 
higher temperatures (160°C.), where the bicarbonate ion is certainly 
unstable and the supposed complexes presumably are, the hardness 
can be reduced to 0.5—0.2 p./100,000. But for cold softening, without 
excess of reagent, the limit is:from p:100/000. 
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TABLE II.—So.usininies of CaCO, AND Mg(OH), in p./100,000 in 
Terms OF CaCQOs. 


Solubility Total causticity 
(CO,” absent). 
° 


Solubility 
of Mg(OH) ;. 
3-3 

0.5 f 2.0 

1.0 ° 1.3 

P 1.5 . 0.8 

10.0 O.1 2.0 0.8 


* Causticity 2 = x Phenolphthalein alkalinity = Me.Orange alkalinity. 


Total CO,” 


(causticity o).* 


There is another limitation of greater moment on the completeness 
of softening. Arising from the fact that all the salts and reagents 
are present in the water in low concentration (1 in 10,000), reaction 
is frequently slow in commencement and tails off short of completion. 
The required chemical combinations for precipitation take place, it 
may be supposed, rapidly forming a supersaturated solution of chalk 
or magnesia; but crystallization from such a solution is not always 
easy. Left to itself it may start spontaneously, forming a suspension 
of fine crystals, but, when the first urge to spontaneity is lost, precipi- 
tation can tail off and become very slow in completion. Thus it 
comes about that lime soda plants are designed on from three to five, 
even to seven, hours’ settlement time in order to complete the tail 
end of reaction; even then an excess of lime and soda is required to 
assist the speed of reaction. If either the time of rest in the plant or 
the excess of reagent is curtailed the water continues to precipitate 
in pipelines, on valve seatings, and in sand filters and zeolite beds 
where these follow the softener. The behaviour may be more pro- 
nounced with some waters than with others. 

It has been known for a number of years that these difficulties 
could be largely overcome by the provision of nuclei which would 
serve to “seed” the desired crystallization; both accelerating the 
crystallization to completeness and directing it so as to form a large 
and easily separable crystalline particle. A number of patents over 
a considerable number of years have suggested the use of previously 
precipitated sludge, sand, or marble chips as nuclei and have shown 
a successively closer approach to practical methods of securing the 
desired effect, with the result that, at the present day, the Behrmann 
and Green “‘Accelator”’ plant and the several variations of the origina 
Spaulding arrangement utilize previously formed sludge as a source 
of nuclei; while, as the result of a somewhat different line of develop- 
ment, the Permutit Company has developed the “‘Spiractor Process” 
utilizing sand as nuclei. 


Accelator Plant (*) 


The Accelator plant, like the Spaulding plant described below, 
circulates previously precipitated sludge in contact with incoming 
water and added reagent. The propeller type stirrers in conjunction 
with the baffle arrangements direct the course of movement in a very 
definite manner. The chemicals for softening are added at a point 
remote from the point of entry of the raw water, it is suggested to 
enable the sludge to concentrate the chemical on its surface prior to 
reaction. The water then enters an uprising throat where a coagulant 
such as sodium aluminate or soda-alum is added; it then descends to 
the settlement zone, where the treated water rises upward at the rela- 
tively high rate of 3 gallons per sq.ft. per minute, and the sludge 
settles out sharply downward. The whole period of detention of the 
water in the plant is between 30 minutes and one hour as against the 
upwards of three hours required for ordinary plant. Saving on ground 
space and foundations is therefore considerable. 

It is claimed that the solids retained in suspension by the settled 
water is less than 0.5 p./100,000 and that the water is fully reacted 
“stabilized” so that it is incapable of further reaction or after precipi- 
tation. 

The sludge formed in the process is continuously withdrawn from 
the base of the sludge pocket, which acts as a concentrator. It may 
be filter pressed and dried. 


Spaulding Plant (*) 


The Spaulding type of plant relies simply on the agitation of the 
raw water and chemicals in a central dumpling-shaped reaction zone, 
whence the water escapes under the lip and filters upward in the 
settlement zone through a blanket of sludge. Precipitation goes 
forward on the sludge particles in this blanket as nuclei. The increas- 
ing cross section of the settlement zone is designed to reduce upward 
velocity progressively to assist the separation of the smaller particles. 
At the top of the vessel the rate of rise is 1 gallon per sq.ft. per min. 
The agitator moves at the rate of about 2 rev./min. The angle of slope 
of the inclined surfaces is 45°-50°. An advantage of the arrangement 
of the Spaudling design is that it can be adapted to suit many types of 
ve tanks discussed in Industrial and Engineering Chemistry, 1941, 
32, 678. 


TABLE III.—PERFORMANCE OF SOFTENING PLANT. 


Type. Conventional. Spaulding.  Accelator. 


Period of detention . - 3-4 hrs. 1 hr. 3-1 hr. 
Rate of efflux, gal./sq. ft./ 0.33-0.5 .« 1.5 P 3.0 


min, 
Hardness of effluent.* Pts./ 
105 
Stability of effluent . 
% water in sludge 


Spiractor. 
5-10 mins. 
20.0 

7-10 : Lt . 5-7 5-7 


Stable. Stable. Stable. 
90% 90% . 5% 


Unstable. 
98% 





* The effluent hardness is high, as no excess of reagent is used. 
























































116 


Spiractor Process (*) (°) 


The Spiractor process capitalizes the commonly occurring pheno- 
menon of precipitation of calcium carbonate from “unstable” lime 
softened water in sand filters. As such it must be classed as one of 
those examples of the exercise of human ingenuity to harness a mischief 
and convert it into a benefit. 

Raw water to be treated is introduced tangentially into the base of 
the Spiractor vessel, which is pear-shaped, standing pointed end 
downward. Chemical is also introduced at the point of entry of the 
water, where it mixes and reacts. The water, in a state of incipient 
crystallization, travels up through the Spiractor, which is filled with a 
bed of sand kept in semi-suspension by the upflow of the water. Too 
high a rate of flow would cause the sand to be washed out of the 
vessel; too low a rate would fail to float the sand particles, so that 
they would eventually be cemented together by the calcium carbonate 
crystallizing out on them. Under the proper conditions the calcium 
carbonate is crystallized out on the sand grains coating them with 
calcium carbonate, so that they form oolites enfolding in their core 
the original sand grain. Pearls are said to be formed in a similar 
way; but the product is somewhat different in appearance, though 
not in composition. 

A recent patent specification for this process(*) (B.P. 555,335) sug- 
gested that the particles of sand should be initially 16-32 mesh and 
could be allowed to grow until they reached 2.0 mm.—,j, in. diameter. 
The rate of water flow should be between 2-5 ft. per minute up through 
the bed. With such a flow a bed initially 5 ft. deep rises to about 
6 ft. and has a concentration by volume of solid particles of 60x. 
In use the bed gradually grows upward as the particles grow. Test 
cocks placed on the side of the Spiractor enable the level of the top 
of the bed to be determined. When it passes an optimum point a 
sufficient quantity of the grown particles is blown off from the sludge 
cock at the bottom to restore the correct level. If the particles are 
too big for further use they are rejected; but, if only part grown, they 
may be reserved for future use. In appearance the material is a 
coarse grit of rounded particles. It offers no disposal problem and a 
number of commercial and agricultural uses can be suggested for it. 
For instance, a firm of glass manufacturers near London use the 
material from their own Spiractor plant in their glass pots. It may 
be said that with an increased turn over of farming to arable there is a 
big demand for lime and chalk in any form, and it is regretable that 
the large amounts of lime—originally dissolved from the land, perhaps 
—precipitated in water treatment are not made available for agri- 
cultural purposes. 

The advantages of the Spiractor process are extreme compactness 
and small load on foundations. It is a pressure vessel and therefore 
if the water is to be treated subsequently in filters or base exchange 
plant, only one stage of pumping is required. Because the behaviour 
of the plant depends on the rate of flow through it, it is set to operate 
at a constant rate and accommodates itself to varying demand by 
cutting in and out under the control of a high low float. This has the 
consequent advantage that the chemicals can also be admitted at a 
constant rate by a pump running at a constant speed with adjustment 
of dosage made by a variable throw; the need for automatic propor- 
tioning gear is therefore obviated. 

The effluent through a Spiractor plant is rarely quite clear; partly 
because where lime slurry is used as the reagent the impurities present 
in the lime are carried forward through the Spiractor, since they are 
not crystallizable. Pressure filtration on the outlet is therefore an 
essential. 

The process is less suitable for removing magnesium hardness than 
for the removal of calcium salts, since the crystallization charac- 
teristics of magnesium hydroxide is less favourable than that of calcium 
carbonate. Usually this is no disadvantage, as the usual application 
of the Spiractor process confines it to the removal of temporary hard- 
ness, and as in most waters the calcium hardness is in excess of the 
temporary hardness bicarbonates tend to come out as calcium car- 
bonate preferentially. 

It may also be pointed out that the process depends for its success 
on confining the crystaliization to the heterogeneous phase of the 
surface of the nuclei. If the reaction also tends to go homogeneously 
are will be a proporitonate carry over of calcium carbonate in the 
effluent. 


Hot Lime Soda Process 


Hot process softeners get down to 0.2-0.5 parts of residual hardness 
with under 7.0 parts of excess alkalinity with ease and reliability. 
They are less satisfactory as regards unsettled solids because convection 
currents are easily set up and may disturb the quiet conditions required 
for proper settlement. One type of hot softener tackles these diffi- 
culties by a reversal of the usual arrangement of flow in a softening 
tank in which the water goes down a central flume and then rise up- 
ward in the wide peripheral settlement space; here the water moves 
downward in the outside annulus and then rises under a central col- 
lecting hood in which, since it is jacketed by the hot water in the 
annulus, temperature conditions must be steady. Where such con- 
ditions are established it may be indicated that in theory either higher 
velocities of flow can be operated, or a smaller ultimate size of particle 
settled out, because the viscosity of water—one of the factors con- 
trolling settlement—is greatly reduced at higher temperatures. 
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It is of material assistance to steady settlement to install hot softep. 
ing plant under cover; or failing that in a sheltered site, and the 
should always be lagged. Even with these aids to settlement it is stij 
desirable to install pressure filters after the softener; and as sand i 
soluble in hot alkaline water and it would be carried into the boile 
where it is capable of forming a hard tenacious type of scale, filter; 
must be packed either with anthracite or fluor spar. : 
If these points are observed hot lime soda softening is a very reliabk ¥ 
method of treatment, particularly if sodium tri- or hexa-meta phos § 
phate is added to the boiler water as a final conditioning agent. 


Boiler Water Conditioning 
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It was pointed out earlier that the precipitation of hardness in thf gevelop 
boiler, if it must occur, should be as carbonate which forms sludge and properti 
not as sulphate, which forms hard scale; feed waters should therefor ing mat 
carry a slight excess of sodium carbonate alkalinity. Apart from th It is ' 
objections to sodium carbonate on the scores of priming, CO, release FB) jow the 
and caustic embrittlement there is a further incentive to displace it inf) poor co 
favour of an alternative sodium phosphate, because the latter produce) it cann: 
an even more favourable type of sludge than sodium carbonate. material 
Calcium phosphate is flocculent and non-adherent and is therefor) material 
completely eliminated in the blow down. Sodium phosphate con.§} jargely « 
ditioning has become standard practice in high pressure boilers andy) state. 
has an increasing application in low pressure boilers. It can be added) tory pre 
as tri-sodium phosphate or in the hexa-meta form. The former if) except 
more alkaline than the latter. The hexa-meta form may be fe Hence 
direct into the feed tank if the feed is cold, but above 60°F. it precipi) artificia 
tates calcium phosphate and should be fed direct into the boiler drum) small a 
Tri-sodium phosphate precipitates calcium phsophate at all tempera) shapes 
tures and is normally fed direct into the drum; but in conjunction? yaluabl 
with tannin it may be introduced into the feed tank or feed lines to temper: 
control precipitation in preheaters, de-aerators, &c. The function of Such 
the tannin is to prevent settlement and adherence of the phosphat: ing refi 
precipitated. Ref: 
Applications of sodium hexa-meta phosphate (Calgon), unconnected hot fac 
with boiler water conditioning, derive from its peculiar property off or even 
holding up calcium carbonate precipitation either in cooling wate) capacit 
supplies or in unstable, softened water. furnace 
Sodium aluminate is used as both a coagulant and an aid to settle howeve 
ment and as a precipitant for magnesium hardness. It is particularlyf) defects 
valuable in cold lime soda treatment, and numerous reports seem tof) these d 
support its efficacy. a 
by ab 
Lime Pretreatment—Base Exchange 4 
Base exchange treatment is rarely used by itself as it converts all f 
the temporary hardness present in the water into sodium bicarbonate | 
which, as both an alkali and a source of carbon dioxide, is looked} _ : 
upon unfavourably. ‘ B is 
» of this 
Ca(HCO,). + 2NaZe = 2NaHCO, + CaZe. in refr 
It is, then, obviously desirable to remove the temporary hardness = 
prior to base exchange by the addition of lime in a precipitation? fuel P 
plant. In the past this has never been particularly successful because, } lesley. 4 
unless the water has been treated with excess of-reagent it is “unstable” pis 
and continues to precipitate in sand filters and zeolite bed where it chek | 
causes cementation of the granular fillings; or, if excess of reagent is toe 
used, the water becomes alkaline and attacks the zeolite. P in 
One solution of the problem os to add excess lime and allow 2 pment 
liberal settlement time, and then, by addition of sulphuric acid at suitaly 
the outlet of the precipitation plant, to neutralize the water and gases 
“kill” all further reaction at one and the same time. The additio—) “~~ 
is made by proportioning gear. 2% acid is used in amount equivalent!” 
to 0.25—0.5 Ib. of 98% acid per 1,000 gallons. This quantity is} 
sufficient to lower the pH to about 6.5, unless, in the absence of full ® 
settlement, sludge is also present which would react with the acid. h 
The water then passes on through sand filters and zeolite softeners 
and emerges as a completely softened water with a pH of 7.0-7.5 Sup 
Since water of this pH, in the presence of dissolved oxygen, is cor) constr 
rosive, pumps, pipelines, and stroage tanks and eventually the boiler—)) that t 
even after de-aeration—must be protected by the addition of caustic) escaps 
soda in quantity sufficient to raise the pH to 8.5. The resulting water! differs 
is of a very close specification. The sequence of treatment is regarded Thi 
favourably by works with very large boiler installations and a con-—) spheri 
siderable make up requirement where there is a corresponding stafif) press 
for control. The 1 
A possible modification, of which no example is known, is they) temps 
addition of “threshold” quantities of sodium hexametaphosphate)) heat 
instead of sulphuric acid at the outlet of the liming stage. = clearl 
The more recent solution is that which is now made possible by us) the w 
of one of the “stabilizing” processes discussed under the lime-soda)) 87, b 
treatment—Accelator, Spaudling, and Spiractor—to precipitate the}) 1s ac 
temporary hardness to equilibrium. Of these the Spiractor processf) perm 
the advantages indicated above that there is no pressurtf) prese 
break between it and subsequent units, so that only one stage of pump- Th 
ing is required. BB cam 
A typical set of results with this sequence of treatment is given Mp) &aS¢s 
Table IV. The reduction in total solids consequent upon lime pref) than 


cipitation is to be noted. 





(To be continued ) 
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Permeable Refractories for Furnace Construction* 


By R. H. ANDERSON, D. C. 


GUNN, B.Sc.Eng., M.Sc., and 


A. L. ROBERTS, Ph.D.(Leeds) 


URING recent years much attention has been given to the 
Dimprovement of refractories for the building of industrial 

furnaces. Among many lines of approach, one has been the 
development of material which, whilst possessing good refractory 
properties, also incorporates many of the advantages of good insulat- 
ing material. 

It is well known that insulating materials owe their properties of 
low thermal conductivity to the inclusion of small air cells. Air is a 
poor conductor of heat, and since it is entrapped in small enclosures 
it cannot circulate easily, hence heat transfer through such porous 
material can be expected to be of a lower order than through the same 
material in denser form. Insulating materials for furnaces have been 
largely obtained from diatomite, used either in the calcined or natural 
state. While thermal conductivity of such materials is low, its refrac- 
tory properties are such that it cannot be used for the lining of furnaces, 
except at comparatively low temperatures. 

Hence a development occurred which, to some extent, reproduced 
artificially what nature had performed in diatomite ; the inclusion of 
small air cells. Carbonaceous material was mixed with fireclay, the 
shapes made, dried, and fired. The result was a firebrick possessing 
valuable insulating properties, and yet being usable at much higher 
temperatures than diatomite. 

Such material has becomes well known under names such as insulat- 
ing refractory or hot-face insulation. 

Refractory insulation has been widely and successfully used on the 
hot face of fuel-fired and electric furnaces working up to 1200°C., 
oreven higher. It has given good heat insulation, and has low thermal 
capacity, the latter property being of great importance where the 
furnaces are not operated continuously. It has to be admitted, 
however, that this kind of material possesses a number of inherent 
defects which mitigate against its use for certain purposes. Some of 


| these defects can be listed as follows: 


(1) Poor resistance to mechanical wear and tear, especially 
abrasion. 

(2) Low slag resistance. 

(3) Poor resistance to flame erosion. 

(4) High permeability to gas flow. 


It is with item (4) that we are chiefly concerned, and the purpose 


I of this Paper is to demonstrate that the property of high permeability 
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in refractories-can be used to achieve a marked increase in furnace 
efficiency, providing in fact a new method of waste heat recovery. 

What we are now going to discuss concerns furnaces fired with a clean 
fuel, and in all the experimental work we have used town gas. Simi- 
larly, all installations up to date are on town gas fuel. This does not 
mean that the technique could not be applied to other fuels, but from 
what follows it will be clear that any form of solid material in the 
products of combustion might well prove to be a serious difficulty. 

In orthodox furnace design the fuel is burnt, active gases fill the 
combustion chamber, and leave the system via a series of flue ports 
a placed. After exit, sensible heat may be recovered from the 
gases by: 


(1) Preheating ‘the air for combustion. 

(2) Preheating the furnace stock. 

(3) Waste heat utilization for external purposes—e.g., waste 
heat boilers. 


Suppose that a furnace is built using a permeable refractory for its 
construction. Suppose that a fuel is being burnt in the furnace and 
that the products of combustion from the fuel burnt in the furnace 
escape from a normal flue system; if the air pressure within the furnace 
differs from atmospheric, gas flow through the structure will occur. 

Thus, if the pressure within the structure is greater than atmo- 
spheric, gas flow outwards will occur. If, on the other hand, the 
pressure is negative within the furnace, air flow inwards will take place. 
The tendency of outward gas flow may be towards decreasing the 
temperature gradient through the structure, and hence decreasing the 
heat conducted through the brickwork: The opposite effect will 
pre ie when air passes inwards, exercising a cooling effect on 
the wall. 
87, but it applies to orthodox furnace structures where permeability 
is accidental. It should be mentioned that all bricks appear to be 
permeable to some extent, and that therefore the effect noted above is 
present in every furnace, but often to a negligible degree. 

The effect has been studied by Bansen, and by others, and it is 
claimed that the heat transferred through a refractory is greater when 
gases are flowing through the refractory from hot face to cold face 
than if static conditions existed. In fact, Trinks gives the formula as 





* From a Paper to the Institute of Fuel. 


A discussion of the effect will be found in Trinks, vol. 1, p. - 


representing the apparent conductivity under conditions of gas flows 
as being: 


Where Ca = CVqcS 
Cc true conductivity. 
= gas flow in cu.ft./hr./sq.ft. wall area. 
density of gases in Ib./in. 
specific heat of gases. 
thickness of wall in inches. 


It appears to us that these workers have failed to point out a very 
important fact. That the total quantity of heat transferred by walls 
is increased by outward gas flow is probable. The important point is 
that the flow is in two components, the conduction loss, plus or minus 
the convection loss, and that this convection loss consists of heat con- 
tained in gases after they leave the combustion chamber. The effect 
of the outward passage of gases is to tend to decrease the temperature 
gradient and therefore the conduction loss. This, be it noted, is 
achieved by waste heat. If the conduction losses are therefore being 
supplied in part by waste heat, the fuel consumption of the furnace 
must suffer a reduction if the same temperature conditions are to be 
maintained. 

Let us now set out to see what reductions in fuel consumption can 
be gained by deliberately causing all the products of combustion to 
leave a furnace through a permeable wall. 

A furnace working in such a condition that for a given rate of heat 
input the temperatures at all points remain constant is said to be in a 
state of equilibrium. Consider such a furnace constructed from 
materials of uniform thermal properties and let it be of the type where 
no form of heat recovery from the waste gases is used. 

If t,°F. is the temperature of the inner face of the lining, and 1,°F. 
is the temperature L inches inside the wall from the inner face, the 
heat transmitted through unit area of wall will be given by: 


Qaw = Fs — te) (1) 


where Qaw is the heat transmitted in B.Th.U./hr., and k = coefficient 
of conductivity of the material. 

If it is assumed that the flue gases leave the furnace at a temperature 
of ¢,°F., and that their specific heat is s,, the heat carried away by the 
products of combustion will be given by: 


Q 


Qar = C 
Where Qa = gross heat input to the furnace in B.Th.U./hr. 
© calorific value of fuel in B.Th.U./cu.ft. 
v volume of products of combustion from 1 cu.ft. of 
gaseous fuel. 


The gross heat input to the furnace will be given by the sum of (1) 
and (2): 


Qa = 
Qa = 


Rearranging the equation: 


Vsyt; . (2) 


Qaw +4 Qar 
Et — 1) + SE 


E(t — 1) C 
Qa = Soo 
C — Vsyt; 
If the furnace is subject to a steady load of B, B.Th.U./hr— 
k 
Q = Li&i-t%+B 


Bie 
~~ C— Vsyt 


Consider now the case of a furnace constructed on similar lines to 
the one just considered, differing only in that the products of com- 
bustion, instead of leaving the furnace through a flue in the combustion 
chamber, are forced to leave the furnace through the walls, which 
are made of a material similar in thermal properties to the previous 
furnace save that they are permeable to gas flow. ; 

The cellular nature of such material presents a vast area over which 
heat transfer can take place (of the order of 1,000 sq.ft. per cu.ft. of 
material). It may therefore be assumed that for all practical purposes 
the temperature of the gases within the material will be the same as 
that of the material itself. : 

Hence, with similar symbolism to that used above, and causing the 
gases to leave the permeable material a distance L inches from the 
inside face, we have the following: 

The heat lost through the wall will be— 


a E tt, <a 


(3) 
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The heat carried away up the flue— 


Qor = o Vssts 


If the furnace is subjected to a steady load of B, B.Th.U./hr., then 
the fuel required is given by— 


Qs = Qow + Que + B 
ee es 
Whence, 
k 
a=} Lq-w+R tc jPod DS ae all 
C — Vssts 


Notice how (4) differs from (3). We have ts, instead of ft, in the 
numerator and ¢; instead of ¢, in the denominator, we have s, instead 
of s, in the denominator. Now f, is greater than ¢,, hence the nume- 
rator in (4) is less than that in (3). Furthermore s, and f,; are less 
than s, and ¢,, therefore the denominator is greater. Hence Qs is less 
than Qa—i.e., furnace B is more efficient than furnace A. 

We can select ¢,, but t; is dependent on ¢, and the furnace conditions. 
We can calculate it by equating the heat flow in the wall section, but 
it is a difficult operation and some very wide assumptions have to 
made. In order therefore to simplify the argument at this stage we 
are going to make the assumption that f; is very little different from ft. 
and that ss = 5. 

The value of the saving involved then is given by— 


P = 10% x S-—@ 











i —W+B + G—iW+B as 
- aan “C= Vike Cx 100% 
. (4, —t) +B 

ay — yy ——  C 
C — Vsyt, 
i = & ube Visit ° 
o! eo 


Assuming that V = 4.8 cu.ft./cu.ft. of gas burned 
5; = 0.023 B.Th.U./cu.ft./°C. 
P ae _C—0114 
aa C — 0.11t, 
(1) The saving increases as ft, decreases (t, being constant). 
(2) The saving increases as t, increases. 
(3) The savings are very considerable at elevated temperatures. 

We have assumed arbitrarily that ts = ft, t2 can be calculated by 
the usual means of equating the heat flow through the wall to the heat 
lost from the outside of the wall, thus determining ¢,, the outside 
temperature. It is then possible to find t, approximately by inter- 
polation. 

In practice it seems likely that t; = t,, thereby reducing the values 
obtained as above, but also it will be agreed that the gases will enter 
the wall at a temperature higher than ¢, and this results in an increase 
in the value of P. In addition, s, = s3, which also means an increase 
in P. In addition, especially at elevated temperatures, the release of 
heat from super-activated molecules and also recombination of dis- 
sociated gases will also tend to increase P. 

The first step is to find materials sufficiently permeable and at the 
same time having satisfactory mechanical and refractory properties. 


Permeability of Refractory Materials to Gases 


Most refractories are permeable to gases, the degree of permeability 
varying widely from one material to another. The permeability 
arises from the presence of connected pores originating from voids 
between the constituent granules, and also from particles of organic 
matter which burn out on firing. In the usual method of manufac- 
turing insulating refractories, a relatively large amount of combustible 
material is purposely incorporated in the brick batch to secure high 
porosity, and thus low thermal conductivity, in the burned product. 
Most of the pores so produced are interconnected and thus the per- 
meability of such materials as well as the porosity are usually high. 

The degree of permeability is evaluated by the permeability coeffi- 
cient, defined as the volume of gas which will pass through unit area 
of material of unit thickness in unit time under unit pressure diffe- 
rential. In this paper the permeability coefficient is expressed in 
British units, and represents the number of cu.ft. of gas passing per 
hour through 1 sq. in. of material 1 in. in thickness under a pressure 
difference of 1 in. water gauge. Q 

In this country the principal work on the permeability of refractory 
materials to gases was carried,out by A. T. Green and F. H. Clews at 
the British Refractories Research Association. Their results showed 
that the permeability coefficient of commercial refractories might 
vary widely, not only from one material to another, but between 
different samples of the same material as well as in different positions 
in the same brick. In addition, the permeability of machine-made 
samples was a directional property in that it depended upon the 
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direction in which the gas was passed through the test-piece. This BH savings in 





effect was most probably due, at any rate in part, to lamination in th B have muc! 
bricks. Despite its wide variations, however, the coefficient of per. BR fyel savin 
meability is a valuable index of the texture of a refractory, low per. certain af 
meability indicating a closely-knit texture giving the high resistance BH where co! 
to penetration by gases, corrosive vapours, and slags. jining cou 

Permeability and porosity do not necessarily correspond. The true & at the rig! 
porosity depends on the number and volume of the pore spaces, both The te: 
closed and open ; the permeability, on the other hand, depends on scope, sa\ 
the number and dimensions of only those pores which are connected BM serious 4 
with each other, and with the opposite surfaces of the refractory, Mhpave not 
Thus,. the bricks of high porosity—e.g., diatomite—may be highly no wide « 
porous, but yet show low permeability values, because a considerable JM of tempe! 
proportion of the pores are sealed and disconnected from one another, §% metallurg 
and those which are interconnected are minute. Similar considerations of refrac 
as regards sealed pores apply to bricks made from bloated fireclay. remainin; 

The variation of permeability with temperature is of obvious § materials 
importance, particularly with regard to the present application of The sé 
highly permeable materials. Clews and Green carried out systematic §§ vapour f 
work which was mainly directed towards ascertaining whether leakage rmeabl 
due to permeability from gas retorts at their working temperatures Investi 
was serious. They showed that such leakage, as distinct from losses HM show a ' 
through cracks and joints, was very slight for a typical vertical retort reliable 1 
setting, and in the course of this work, obtained valuable information ¥ will take 
regarding the relation between permeability and temperature. The ce 

In experiments on a number of commercial materials, the permea- § at high 
bility coefficient was found to decrease as the temperature was raised; 9) combine 
the relative decrease was almost the same for all the materials, and was WW chances 
independent of the absolute permeability value at room temperature, J effectivel 
Thus, the permeability coefficient was reduced to approximately 0.5 BH behind t 
at 500°C., and to 0.4 at 850°C., of its value at atmospheric tempera- former < 
ture. The change of permeability with temperature was evidently a WH found in 
function of the gas, and not the refractories, and it was found that the 9 as in the 
observed alteration corresponded almost quantitatively with the The p 
increase in viscosity of the gas. Extension of the work to higher | 7 field fo 
temperatures was prevented by experimental difficulties, but the JF) already 
reduction in permeability resulting at 1000° to 1350°C. was calculated FF involvec 
on the assumption of the quantitative relationship between permea-  mittent | 
bility and the viscosity of the gas. In this Paper the same method Consi 
has been used for calculating the permeability ceefficients at high F) about 5 
temperatures from data directly determined at room temperature, supply t 

The principle of the permeable-lined furnace appeared to necessitate 7 the pot 
the development of a material having as high a permeability as can )) for pern 
be obtained, consistent with adequate mechanical strength. Initial )) argume 
trials with the experimental furnace on which the new principle was [) of mete 
tested indicated that the permeability of the lining material should ) would 
be of the order of 4 to 5 at room temperature, which would imply Ther 
values of approximately 1 to 1.5 at a working temperature of 1200°C., fF) problen 
if all the products of combustion were to be exhausted through the [) local nm 
lining under a reasonable pressure difference. It seemed probable, © applica 
however, that the permeability would be increased by unavoidable § protect 
leakage through joints and cracks, and data obtained in the tests on ff) howeve 
the industrial installations showed that the effective permeability of J) subject 
the lining as a whole was as much as three times greater than that of Anot 
the material itself. » conjun 

Table I shows porosity and permeability data for the permeable §§ more fi 
material in comparison with typical fireclay refractories of the dense Also, 
and porous insulating types. made n 

of low 
heat-re 
Cu. ft. of gas passing 
through 1 sq. ft. 1 ft. peratul 
Approximate Percentage Range of per- thick in 1 hr. for 1-in. with h 
Material. bulk density porosity. meability pressure differential at 7) effecte 
(Ib. /cu.ft.). coefficient. at 1200°C, me more € 
Dense fireclay 110 to 130 20 to 30 0.02 to 0.50 0.8 to 2.0 straigh 
brick 
Insulating fire- 35 to 40 60 to 7 0.8 to 2.5 3 to 10 

clay brick einai 
Permeable fire- 40 70 to 75 5.5 22 

clay brick 

The success of the permeable lining furnace depends on the use of 
refractories of high permeability attained by the development of an 
extremely open texture. 

As with refractory insulating materials in general, the development An 
of so open a texture necessarily involves a considerable sacrifice of i drying 
mechanical strength, the crushing strength of the most porous types § B. Co 
of lightweight fireclay refractory being generally of the order of one- 9 length 
tenth of that of the usual dense material. In addition, lightweight 9} such t 
refractories are markedly susceptible to deformation under pressure @% article 
at high temperatures, the effect of pressure tending more to reduce § radiat 

- the porosity and volume of the material than to cause the plastic [% State t 
flow which characterizes dense materials. With the permeable )§ Of hea 
material in question, laboratory under-load tests of the rising tem- —§ tansf 
perature type indicated that, while it could be detected at 900° under which 
10 Ib./sq. in. pressure, reduction in volume was not serious until For e 
1200° to 1250°. The indications were that this material should prove } conve 
satisfactory for hot-face temperatures up to 1200°, and are fully borne FF Walls 
out by experience with industrial installations. Shrinkage or dis- while 
tortion of the permeable linings of furnaces operating at up to 1000°C. 1.25 1 
have not, so far, been encountered. other 





Our theory indicates that at temperatures below 500°C., (we .are 
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talking about face temperatures in the combustion chamber) the 
savings involved are 10% or less. It is not felt that permeable linings 
have much application in this region if their purpose is only to <-cure 
fuel savings. On the other hand, they may present advantages for 
certain applications—e.g., in continuous furnaces with load preheat 
where control of temperature gradient is important, the permeable 
lining could effect an even and controlled withdrawal of furnace gases 
at the right places. 

The temperature range over 1400°C. seems to offer considerable 
scope, savings of 40% or more are indicated. There are, however, 
serious difficulties, one in particular being that suitable refractories 
have not yet been developed. Refractory manufacturers have had 
no wide call to supply permeable refractories as such. In this range 
of temperature we find melting furnaces of various kinds, glass and 
metallurgical. Melting indicates fluxes, and fluxes mean deterioration 
of refractories by fusion. We cannot see permeable refractories 
remaining very effective under such conditions, unless we have super 
materials available. 

The same remarks would apply to forging furnaces, where the 
vapour from iron oxide scale would produce havoc in the cells of 
permeable firebrick. 

Investigation and trial, however, by refractory specialists might 
show a way in which the problem might be overcome and provide 
reliable materials. for the processes mentioned. We hope that events 
will take this course. 

The ceramics industry uses a number of processes which take place 
at high temperatures. In most of these an oxidizing atmosphere, 
combined with an absence of fluxes, would appear to offer better 
chances of success. For instance, permeable walls could be used 
effectively in the firing and preheating zones of tunnel kilns, and also 
behind the muffles of kilns and vitreous enamelling furnaces. In the 
former application it is felt that the value of these linings would be 
found in assisting the control of the heating and cooling curves, as well 
as in the more efficient application of heat in the firing zone. : 

The processes between 500°C. and 1300°C. appear to offer the best 
field for immediate development. The fuel savings which have 
already been achieved seem to justify such extra expense as may be 


» involved, and there are further advantages of rapid heating in inter- 


mittent furnaces and accurate zone control in continuous furnaces. 
Consider the example of galvanizing; here the spelter is taken to 
about 500°C., heat being supplied through the pot walls. In order to 
supply this heat, fuel is burnt to raise the combustion chamber around 
the pot to about 800°C. Here we are well within the economic range 
for permeable linings, which could be applied quite simply. The same 


argument can be applied to various types of salt baths and the melting 
» of metals up-to about 700°C. Annealing and enamelling of glass 
/ would also come within this range. 


The melting}of metals in crucible furnaces, however, offers a different 


i problem. By their very nature permeable refractories are weak to 
> local mechanical shock and abrasion. 
» application would be difficult unless some means were adopted for 


For. lift-out crucibles, then, 


protecting the refractories. For bale out and tilting type furnaces, 
however, there is a more cheerful outlook, since the linings are not 
subject to the heavy wear and tear of a lift-out type furnace. 

Another aspect of the permeable lining development is its use in 
The heat transfer coefficients are 
more favourable with metallic recuperators than with refractory types. 

Also, the number of joints can be kept down and their tightness 
made more reliable. They do, however, suffer from the disadvantages 
of low resistance to high temperature gases, except where expensive 
heat-resisting steels are used. If the waste gases pass through a per- 
meable lining prior to contact with the recuperator tubes, their tem- 
perature can be reduced to limits wherein it would be safe to use tubes 
with high heat transfer coefficients. Thus heat recovery would be 


straight recuperative job. 


es = 
Gas-Fired Infra-Red Heating 
e 
Units 

An interesting brochure on the application of radiant heat for paint 
drying and other industrial treatments has been published by W. & 
B. Cowan, in which it is pointed out that the distribution of wave- 
lengths over which the radiation from radiant sources takes place is 
such that there is little difference in the rate of heating whether the 
article to be treated is matt black (usually the best for absorbing 
radiation) or any colour matt or glossy. The brochure goes on to 
State that the speeding-up of operations which characterizes this form 
of heat application is due to the fact that there is no resistance to heat 
transfer from the radiating panels to the work. The “skin effect” 
which lengthens time of heating in convection processes is absent. 
For example, in a series of tests a sheet of 16-S.W.G. mild steel in a 
convector oven at 300°F., when exposed to the radiation from the 


walls of the oven, took 2.8 minutes to reach a temperature of 220°F., - 


while in an infra-red unit the same sheet reached this temperature in 
1.25 minutes. ‘When the sheet was placed in the convector oven with 
other work which shielded it from the radiation from the oven walls, 
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the time taken was 7.6 minutes. The consequent improvement in 
heating times enables work to be handled more quickly, and still 
further saving in time can be effected by using conveyors to carry the 
work straight through the infra-red unit. 

The time required to heat up work depends on size, material and 
weight. Light gauge metal sheets can be heated up in a matter of 
seconds—heavy castings may take 30 minutes; the times for non- 
metallic materials such as plastics, &c., vary according to heat con- 
ductivity, bulk and shape, but in most cases the time for infra-red 
heating is a fraction of that required by other processes. 

The drying of paint on finished articles is one of the most important 
applications for infra-red equipment, and the drying time for all types 
of paint is reduced by its use. The improvement is more noticeable 
with certain types of paint, and, when considering the installation of 
the plant, the possibility of using the most suitable paint should be 
borne in mind. In considering this point, paints may be divided into 
three types: 

(a) Oleoresin-pigment-solvent types. In drying, the solvent is 
evaporated and the oleoresin oxidized to form a hard paint film. If 
drying temperature is increased, the process is speeded up, but full 
advantage of this cannot be taken as the resin will burn and finish be 
spoiled. This is the least suitable type for infra-red applications, as 
the rapid temperature rise secured may heat work quickly to a point 
at which finish will be spoiled. Nevertheless, in many cases infra-red 
can be used with advantage. 


A single section of infra-red heat tunnel. 


(5) Lacquer-solvent types. Solvent is evaporated and no other 
chemical or physical change takes place. These types are easily dried 
by all types of process and advantages for use of infra-red lie in low 
initial cost and easy installation. 

(c) Heat transformable paints. In drying, the solvent is evaporated 
and polymerization takes place. Polymerization is a molecular change 
in the structure of the paint materials which gives the result of a high 
quality finish. It is for this type of paint on which the use of infra-red 
equipment shows particular improvement over other types of drying. 
The rate at which polymerization takes place increases very rapidly 
with temperature, and even at temperatures well below that at which 
spoiling occurs. 

When planning the installation of infra-red equipment for. paint 
drying, the following items require consideration: 

(a) Type of paint to be used. 

(6) Physical details, of articles to be painted—size, shape, material. 

(c) Time for paint to dry at various temperatures. 

(d) Time for paint to spoil at various temperatures. 

©, Rate of production of work, and if conveyor is used, the conveyor 

speed. 
One of the most conveninet forms of this type of equipment is the 
tunnel form, as illustrated. The sections are 3 ft. long and any number 
of units may be linked up to form an installation of any desired length. 
If an overhead conveyor system is used, provision is made in the 
design of the tunnels for rods carrying work to pass along the longi- 
tudinal slot at the top of the sections. Alternatively, conveyors may 
pass centrally through the units. 

The length of tunnel required for a particular installation depends 
on the time of treatment required and the speed of production—the 
latter factor, of course, controlling conveyor speed where conveyors 
are used. The treatment time may be ascertained by consideration 
of previous work and by actual experiments on the actual work. 
If large articles are to be treated they will have to pass through the unit 
singly, but small articles may be passed: through on specially con- 
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structed frames. If the latter méthod is adopted, it must be arranged 
that all the work is exposed to the radiation; the “shadow” of one 
article must not fall on other articles as the radiation will be cut off, 
and imperfect treatment will result. When consideration of these 
points has indicated a probable treatment time and conveyor speed, 
the length of tunnel can be arrived at as indicated in the following 
examples. Conveyor speed is 6 ft. per minute-and time for treatment 
is2 minutes. Therefore, for each article to remain in the tunnel for 
2 minutes the length required would be 12 ft. (4 sections each 3 ft. 
long). If the treatment time could be reduced to | minute by raising 
nanel temperature, then with the same conveyor speed, a 6-ft. length 
ould be sufficient. If the result of the initial calculation. indicates 
ia length not a multiple of 3 ft., say 74 ft., and a 9-ft. length is chosen, 
ither the speed of the conveyor must be increased, with a correspon- 
ding increase in output, or alternatively, the original conveyor speed 
etained and the temperature of the tunnel decreased to give the same 
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The gas infra-red units comprise radiating panels, luminous flame 
burners, combustion chambers behind the radiating panels and insu- 
”) lated from the casing by efficient lagging material. The maximum 
emperature of the radiating panels is approximately 650°F. and the 
ombustion chamber is so designed that the temperature is practically 

. niform over the entire radiating area of the panels. Heating times 
| or 22 S.W.G. and 6 S.W.G. plates are given in the table. 


Selling a Temperature 


| The following is a report of the discussion which took place on the 

Paper given by Mr. W. T. Hird, Assistant Distribution Superin- 

endent, Sheffield and District Gas Company. An abstract of the 

Paper was published in last week’s “‘JOURNAL.” 

Mr. S. H. Hunter (Sheffield) asked why, in face of the inclemency 
f the British weather, Mr. Hird had kept his basic temperature down 
030. Why not 28 or 26? From his experiences that was one of the 
roblems they would have to grapple with. 

Mr. Hird said that in regard to the minimum temperature it was a 

se of making haste slowly. The difficulty he had had was to get 
eating engineers to adopt a basic temperature of 30. A lower tem- 
erature would be better because, obviously, there were days when 
e temperature was below 30°F., and on those days plants would not 
e able to maintain the full temperature. It was not always easy to 
ersuade the installer of the plant that the better article for him to 
luy was one based on the 28 figure. The 30 figure was the best 
Dmpromise he had been able to make, and was, in fact, generally 
cepted as the standard in this country. 

Mr. A. W. Field (Sheffield) said with regard to the expressions, he 
Oticed that the basis of the calculation was a 24-hour day. What 
ould be the effect of taking the degree days during daylight only, in 
ew of the fact that installations were not in use during the 24 hours? 
ind with regard to the suggestion that gas-works were admirably 

ated as recording stations, what effect did altitude have on degree 
ys? With regard to boiler sizes, he suggested that among heating 
gineers it was customary to add something like 20-25% for boiler 
ng when considering heat loss. Mr. Hird had made ample allow- 
e for that factor, but had not indicated that such a margin was 
cessary. 

Mr. Hird said the really logical times to take readings were from 
dnight to midnight, but while that would be convenient to Sheffield, 
would be inconvenient to smaller undertakings, and the 9 o’clock 

inal hour was the one most accepted as convenient. On the 
estion of taking the degree days over daylight hours only, so far 
heating was concerned the degree day was of most use in the winter, 
hen the daylight hours were at the minimum and heat was required 
ring hours of darkness. He had examined the difference in the 
gree days between any day and night hours, and, while the examina- 
in was not exhaustive, it indicated a possible difference of one degree 
y per day, which was in the region of 5 to 6% on the average. If 
ty were going to assess the number of degree days closer than that 
ty would come to the stage when they would want to know the 
act number of degree days for each time schedule. That did not 
rm to him to justify the great complication there would be in adding 
em up and picking out any particular hour schedule for any particular 
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day. To take them over 24 hours was accurate enough for most 
purposes, and there did not seem to be any necessity for dividing the 
day hours from the night hours. The 24-hour basis seemed perfectly 
satisfactory. 

On the question of gas-works situation, Mr. Hird said he had 
considered the possible result of altitude, and the indications were that 
there was a difference of approximately one degree day per day for 
every 250 ft. increase in altitude. He did not quote that as being 
exact. In any case an obvious method would be to carry out in a 
particular district a short survey of the difference between the degree 
day at certain points, and having once established the relationship 
they would have an approximate standard for that district for all 
time. It would be near enough for all practical purposes. While 
one must study basic principles there was no need to carry that work 
too far, having decided the units of error one was entitled to use. 

He agreed with Mr. Field that on the question of boiler capacity 
it was the practice to add 20-25%. He had not quoted the figure 
because he had not used it much. It had been his practice to add 
10% to the final heat loss calculation, and then to allow a reasonable 
margin above that for boiler capacity. If they laid down the definite 
figure of 20-25% they would find individuals who would take it too 
literally and get a larger size of boiler. Provided one exercised a little 
reasonableness one could arrive at correct boiler sizes, but if he were 
asked for a figure he would recommend 20-25 %. 

Mr. H. Platt (Bolton) said he would like Mr. Hird’s views on 
central heating in regard to district heating from power stations using 
waste heat, and also his views on the Wedgwood Committee’s Report 
on alternative forms of heating. 

Mr. Hird said district heating was a very live subject at the present 
time. It was a matter which would give the Gas Industry a great 
deal of thought. There was a wealth of opinion on what had been 
happening in Russia, America, and places on the Continent. He had 
a feeling that in those places heating had evolved on different lines due 
to the difference in climate. Heating conditions in this country 
were quite different from those in Russia and America, and it did not 
necessarily follow that the systems successful in those countries could 
be successful in this country. Before any decision was made on 
district heating very careful examination would have to be made 
of the relative load factors of heating and the relative economic 
position of the other fuels available. . 

Dr. H. Alex Fells (Sheffield) agreed with all Mr. Hird had said 
about district heating, but he suggested that the matter was one 
against which they would have to fight in the future. He said Mr. 
Hird had put forward one answer to district heating in anticipation 
of anything that might develop. 

Mr. A. P. Scarth (Sheffield) thought the figure of 80% efficiency for 
gas-fired boilers rather high. He said the figure might be all right at 
the time of installation, but after a few weeks would decrease somewhat. 
He also thought the figure of 75 % for conversion was rather optimistic. 
Another point which occurred to him, he said, was the difficulty of 
maintaining friendly relations with the heating engineers. His 
experience was that the gas undertaking was often called in when the 
heating engineers had installed their system complete with boiler. 
Considerable effort would be required before the heating engineers 
understood the ideas of the Gas Industry concerning adequate instal- 
lation, and every encouragement should be given to work with them 
in greater harmony. They could not very well refuse to give a supply 
of gas to prospective customers who had architects and heating 
engineers advising them on a suitable system. There appeared to be 
a tendency to get away from the pipe system with radiators in favour 
of the forced air system. He believed he was correct in saying that 
the ideal number of air changes was not less than three per hour in 
any room. 

Mr. Hird replied that in regard to the efficiency of boilers he had 
found over a large number of installations that when he had allowed 
80% nothing had happened to lead him to think he had been optimistic 
in regard to the plant’s efficiency. It was the same with the converted 
gas-fired boiler. There were conversions which would be lucky if 
they obtained an efficiency of 50%. Different boilers required very 
different treatment. With good conversions it was possible to achieve 
75% efficiency without much difficulty, and to maintain it. Relations 
with the heating engineers constituted a difficult question, but he 
thought that in the course of time they could work up an understanding 
with them. If they realized that as a gas undertaking they were 
primarily concerned, not with getting orders for installations, but to 
help the heating engineers in making good heating installations, it 
would be for the benefit of both. They would occasionally get a job 
where they found the boiler already installed, and it would be difficult - 
to refuse to supply gas. The whole matter must be carefully worked 
out with the heating engineers. On the question of ventilation, he 
The standard: 


agreed that three air changes was a very good figure. 
for living rooms was two air changes per hour. 









The fact that goods made of raw materials in short supply 
owing to war conditions are advertised in the ‘ Journal’’ 
should not be taken as an indication that they are neces- 
sarily available for export. 


